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1.
Dirac .
$L_{0}(c)=c\alpha\cdot p+mc^{2}\beta$ in $\mathcal{H}=L^{2}(R^{3})^{4}$
, $c>0$ , $m>0$ , $P=-i\nabla_{x},$ $\alpha=$
$(\alpha_{1}, \alpha_{2}, \alpha_{3})$ . , $\alpha j,$ $\beta$ 4 Hermite
.
$\alpha j\alpha_{k}+\alpha_{k}\alpha_{j}=2\delta j_{k}I_{4}$ , $(j, k=1,2,3,4)$ (1)
, $\alpha 4=\beta,$ $I_{n}$ $n$ . $\alpha j,$ $\beta$ ,
, :
$\alpha_{j}=(\begin{array}{ll}0 \sigma_{j}\sigma_{j} 0\end{array})$
$\sigma j$ Pauli :
$\beta=(\begin{array}{ll}I_{2} 00 I_{2}\end{array})$ .
$\sigma_{1}=(\begin{array}{ll}0 1l 0\end{array}),$ $\sigma_{2}=(\begin{array}{ll}0 -i-i 0\end{array}),$ $\sigma_{3}=(\begin{array}{l}010-1\end{array})$ .
$L_{0}(c)$ $C_{0}^{\infty}(R^{3})^{4}$ $L_{0}(c)|c_{0}\infty$ , ( )
$L_{0}(c)$ $L_{0}(c)$ , $(-\infty, -mc^{2}$] $\cup[mc^{2}, \infty$ )
, .
, $v(x):R^{3}arrow R$ Dirac
$L(c)=L_{0}(c)+v(x)I_{4}$
. $v(x)$ , $L(c))|c_{0}\infty$ , . ($L(c)|c_{0}\infty$
$v(x)$ ) , (
) $L(c)$ .
$carrow\infty$ , Dirac , , Schr\"odinger (Pauli)
.
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, $carrow\infty$ Dirac
Schr\"odinger (Pauli) .
, $arrow\infty$ , $v(x)arrow 0$ . , $L(c)$
$\sigma_{e\epsilon s}(L(c))=(-\infty, -mc^{2}$ ] $\cup[mc^{2}, \infty$) ,
$\sigma d(L(c))$ , $(-mc^{2}, mc^{2})$ , , $\pm mc^{2}$
.






$h=- \frac{1}{2m}\Delta+v(x)$ in $L^{2}(R^{3})$
, $\sigma_{es\epsilon}(h)=[0, \infty),$ $\sigma_{d}(h)\subset(-\infty, 0)$ , , $\sigma d(h)$
$0$ . 2
. , ${\rm Im} z\neq 0$ , $(L(c)-mc^{2}-z)^{-1}$ , , $1/c$
$(e.g.[16])$ :
$(L(c)-mc^{2}-z)^{-1}=R_{0}+ \frac{1}{c}R_{1}+\frac{1}{c^{2}}R_{2}+\cdots$ , $(carrow\infty)$ (2)
,
$R_{0}=(\begin{array}{ll}(h-z)^{-l}I_{2} 00 0\end{array})$
, $h$ $E$ ( n) , $L(c)$ $\{Ej(c)\}^{2\mathfrak{n}}j=1$ ,
$\lim_{carrow\infty^{E}j(c)=E}$ .
, $|x|arrow\infty$ , $v(x)arrow+\infty$ . $v(x)$
, $L(c)$ ,
(e.g. [16], [10], [11]). , $h$







$\sigma(h)=\sigma_{d}(h)$. . . . . . $.$ . . .
2. Spectral concentration
Dirac .
$H_{c}$ $:=c\alpha\cdot D+\beta mc^{2}+V(x)$
, $D=-i\nabla-b=(DDD),$ $Dj=-i\partial/\partial xj-bj(x)$ . , $b$ ,
$\nabla\cross b$ ,
$V(x)=(\begin{array}{ll}V_{+}(x) 00 V_{-}(x)\end{array})$
. $V_{\pm}(x)$ $2\cross 2$ Hermite . , Pauli
:
$s_{\pm}= \pm\frac{1}{2m}(\sigma\cdot D)^{2}+V_{\pm}(x)$ .
, $\sigma\cdot D=\Sigma^{3}\sigma D$ . , $S\pm$ $L^{2}(R^{3})^{2}$ . , $b=0$
, Schr\"odinger .
$V(x),$ $b$ $C_{0}^{\infty}(R^{3})^{4}$ $H_{c}$ . ,
$C_{0}^{\infty}(R^{3})^{2}$ $s_{\pm}$ , $V\pm(x)$ $|x|arrow\infty$
. $H_{c}$ , SQ\pm ( )
, $E_{c}(\cdot),$ $E\pm(\cdot)$ . ,
$S=(\begin{array}{ll}s_{+} 00 S_{-}\end{array})$ $Q\pm=(I\pm\beta)/2$
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:$Q_{+}=(\begin{array}{ll}I_{2} 00 0\end{array})$ $Q_{-}=(\begin{array}{ll}0 00 I_{2}\end{array})$ ,
.
1 ([9]) $V\pm(x)\in C^{0},$ $bj(x)\in C^{3},j=1,2,3$ , (i),(ii),
(iii) .
(i) $C_{0}^{\infty}(R^{3})^{2}$ $s_{+}(S_{-})$ . (
)
(ii) $\lambda\in I=(a, b)$ , $s_{+}(S_{-})$ ,
$I\cap\sigma(S_{+})=\{\lambda\}$ $(I\cap\sigma(S_{-})=\{\lambda\})$
. , $a,$ $b$ $s_{+}(S_{-})$ .
(iii) $\lambda$ $s_{+}(S_{-})$ $u$
$(\sigma\cdot D)u\in L^{2}(R^{3})^{2}$ , $V_{-}(\sigma\cdot D)u\in L^{2}(R^{3})^{2}$ $(V_{+}(\sigma\cdot D)u\in L^{2}(R^{3})^{2})$
. ,
$0<\tau<1$ $\tau$ ,
$J_{c}^{\pm}=[ \lambda\pm mc^{2}-\frac{1}{c^{\tau}},\lambda\pm mc^{2}+\frac{1}{c^{\tau}}],$ $I_{c}^{\pm}=[a\pm mc^{2},b\pm mc^{2}]$
$\forall\Phi\in L^{2}(R^{3})^{4}$ . :
$E_{c}(I_{c}^{+}\backslash J_{c}^{+})Q_{+}\Phiarrow 0$ ,
$E_{c}(J_{c}^{+})Q_{+}\Phiarrow E_{+}(\{\lambda\})Q_{+}\Phi$
$(orE_{c}(J_{c}^{-})Q_{-}\Phiarrow E_{-}(\{\lambda\})Q_{-}\Phi E_{c}(I_{c}^{-}\backslash J_{c}^{-})Q_{-}\Phiarrow 0,)$
Veseli\v{c} [19] ,
.
$V(x)$ . $V(x)=v(x)I4$ ,
$v(x)arrow+\infty(|x|arrow\infty)$ (3)
Veseli\v{c} [19] , $b=0,$ $v(x)$ . , [91 ,
.
(A1)
$b\in C^{3}$ , $v(x)\in C^{1}(R^{3})$ .
(A2)
$v(x)arrow+\infty,$ $\nabla v(x)=o(v(x)^{3/2})$ $(|x|arrow\infty)$ (4)
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, $v(x)=\exp(|x|^{2}),$ $v(x)=\exp(\exp(|x|^{2}))$ .
, $s_{+}$ $C_{0}^{\infty}(R^{3})^{2}$ core ,
.
(iii) , $n=2$ .
2 $b\in C^{1},$ $v\in C^{1}$ (3),(4) . $u(x)$ $\lambda$
$S_{+}$ , $S_{+}u=\lambda u$ . , $u$ :
$\forall n\in N$ ,
$\int_{R^{3}}|v|^{n}[\frac{|(\sigma\cdot D)u|^{2}}{2m}+v|u|^{2}]dx<\infty$.
, . , [9] .
3.
(2) , .
2. ${\rm Im} z\neq 0$ ,
$s- \lim_{carrow\infty}(H_{c}-mc^{2}-z)^{-1}=(\begin{array}{ll}(S_{+}-z)^{-l} 00 0\end{array})$
2
Foldy-Wouthuysen-Tani 1 1
$K= \frac{i}{2m}\beta(\alpha\cdot D),$ $D=-i\nabla_{x}-b$
. $K$ $(C_{0}^{\infty}(R^{3}))^{4}$ core , propagator
$U_{\epsilon}$ $:=\exp(-isK),$ $s\in R$ . , $suPp\Phi$ ,
$suppU_{\epsilon}\Phi$ .
(1) , $(C_{0}^{\infty}(R^{3}))^{4}$ :
$U_{\epsilon}(\alpha\cdot D)U_{\epsilon}^{-1}$ $=$ $(\alpha\cdot D)U_{-2\epsilon}$
$U_{\delta}\beta U_{\epsilon}^{-1}$ $=\beta U_{-2s}$
$s=1/c$ , 2 , $\Phi\in(C_{0}^{\infty}(R^{3}))^{4}$ ,
$U_{l}H_{c}U_{t}^{-1} \Phi=[\frac{1}{s}(\alpha\cdot D)+\frac{m}{s^{2}}\beta]U_{-2s}\Phi+U_{\epsilon}VU_{-\epsilon}\Phi$ (5)
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. , Maclaurin :
$U_{-2s} \Phi=\Phi-\frac{s}{m}\beta(\alpha\cdot D)\Phi-\frac{s^{2}}{2m^{2}}(\alpha\cdot D)^{2}\Phi+O(s^{3})$
,
$U_{\epsilon}H_{c}U_{-\epsilon} \Phi=\frac{1}{2m}(\alpha\cdot D)^{2}\beta\Phi+\frac{m}{s^{2}}\beta\Phi+U_{\epsilon}VU_{-\epsilon}\Phi+O(s)$ (6)





$s- \lim_{sarrow 0}(T_{\epsilon}-\frac{m}{s^{2}}\beta)\Phi=S\Phi$ , $\forall\Phi\in(C_{0}^{\infty}(R^{3}))^{4}$ (7)
, $T_{8}=U_{\epsilon}H_{c}U_{-\epsilon}$ . ,
$W_{8}$ $:=T_{s}- \frac{m}{s^{2}}\beta-S$





$(\begin{array}{ll}(S_{+}-z)^{-l} 00 0\end{array})\Psi$ $(T_{\epsilon}- \frac{m}{s^{2}}-z)^{-1}\Psi$
$=$ $(T_{\epsilon}- \frac{m}{s^{2}}-z)^{-1}W_{\epsilon}Q_{+}\Phi$.
, (7) , $sarrow+O$ $0$ . , $s_{+}$ $(C_{0}^{\infty})^{2}$ core
, $(S_{+}-z)(C_{0}^{\infty})^{2}$ $(L^{2})^{2}$ . ,
$s- \lim_{\ellarrow 0}(T_{\delta}-\frac{m}{s^{2}}-z)^{-1}Q_{+}=((S_{+}-z)^{-1}0$ $00$ $Q+$
167
. ,









$\lambda$ $m$ $s_{+}$ , $\{\Psi J\}_{j=1}^{m}$ ,
$\Psi_{j}(c)$ : $=$ $(\begin{array}{l}\Psi_{j}(1/2mc)(\sigma\cdot D)\Psi_{j}\end{array})$
$\Psi_{j}$ : $=$ $\Psi_{j}(\infty)=(\begin{array}{l}\Psi_{j}0\end{array})$ .
. ,
$(H_{c}-mc^{2}-\lambda)\Psi_{j}(c)$




, $\Psi_{j}(c)$ , $H_{c}$ $mc^{2}+\lambda$ .
(8) $\sim(11)$ .




$s- \lim_{c}(I-E_{c}(J_{c}^{+}))P_{c}$ $=0$ (9)
$s- \lim_{carrow\infty}P_{c}$ $=$ $P$ (10)






$arrow 0$ $(carrow\infty)$ ,
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